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HAXPES measurement.
The experimental details about the HAXPES measurements can be found in Refs. 1, 2 . Six different HAXPES spectra for the valence band region just below (and including) the valence band maximum can be seen in Figure S1 . They correspond to three Cu(In,Ga)Se 2 (CIGSe) samples: alkali-free, K-poor, and K-rich which have been prepared using different KF deposition rate during the NAF/KF post-deposition treatment. The spectra from the alkali-free and K-rich CIGSe samples show clear distinct shape changes, indicating the existence of a secondary phase at the surface. The structures of the different phases for which DOSs have been calculated in this work are shown in Figure S2 . Their lattice constants are given in Table S1 . 
Cross section calculations
HAXPES data analysis required the consideration of the angular distribution of photoelectrons. For each core level at each excitation energy the photoionization cross section must be calculated. We calculated it according to Refs. 4, 5 .
In order to compare theoretical density of states (DOS) calculation with measured HAXPES spectra, the atom-and orbital-projected DOS contributions (PDOSs) for each element have to be corrected for (i.e., multiplied with) the corresponding photoionization cross sections. Table S2 shows the calculated and used photoionization cross sections for the valence orbitals of Cu, In, Se, and K. 
